Several molecules of interest have their absorption signature in the mid-infrared. Spectroscopy is commonly used for the detection of these molecules, especially in the short-wave infrared (SWIR) region due to the low water absorption. Conventional spectroscopic systems consist of a broadband source, detector and dispersive components, making them bulky and difficult to handle. Such systems cannot be used in applications where small footprint and low power consumption is critical, such as portable gas sensors and implantable blood glucose monitors. Silicon-On-Insulator (SOI) offers a compact, low-cost photonic integrated circuit platform realized using CMOS fabrication technology. On the other hand, the GaSb material system allows the realization of high performance SWIR lasers and detectors. Integration of GaSb active components on SOI could therefore result in a compact and low power consumption integrated spectroscopic system.
INTRODUCTION
Shortwave-infrared spectroscopy (2-3 μm wavelength range) is particularly interesting for several applications such as gas analysis [1] , trace gas detection [2] and glucose concentration monitoring [3] . The combination band of vibrationalrotational states of several interesting gases such as CO, CO 2 , CH 4 are located in this wavelength region, while the interference of water absorption is relatively low.
Over the past few years, sources and detectors have been developed for these applications. GaSb-based semiconductors have emerged as very promising materials which provide high performance, compact, single mode lasers operating at room temperature with high output power [4] [5] . On the other hand, Silicon-On-Insulator (SOI) allows realizing highly compact integrated optical circuits [6] , using a fabrication process that is CMOS compatible [7] . Therefore, it allows high volume manufacturing with low cost. Moreover, SOI waveguide circuits are transparent in the short-wave infrared [8] , enabling the realization of the envisioned short-wave infrared photonic integrated circuits.
Although SOI is a suitable platform for shortwave infrared photonic integrated circuits, it is not possible to be processed into lasers and detectors due to its indirect band gap. Therefore, the heterogeneous integration of SOI and GaSb-based compounds is highly desirable. Several works have been reported on the integration of GaSb-based detectors on SOI with good performance [9] [10] . There are to our knowledge no reports on the integration of GaSb-based lasers on SOI, although, several demonstrations on the InP/SOI heterogeneous integration platform have been reported [11] [12] .
In this paper, we report, for the first time, the heterogeneous integration of GaSb-based Fabry-Perot lasers onto a carrier substrate, as a stepping stone towards the full integration on a SOI waveguide circuit. We will describe the GaSb epitaxy design, the laser fabrication process and the measurement results. . The simulation is carried out using a full-vectorial 2D eigenmode expansion method [13]. 
EPITAXY DESIGN

FABRICATION
The fabrication of the thin-film laser can be divided into 2 parts: (a) the integration of the epitaxial material onto the carrier wafer and (b) the laser fabrication.
Integration technology
Prior to the integration process, the epitaxial die and carrier wafer is cleaned using Acetone and Isopropanol. An InP wafer is chosen as carrier wafer in this experiment in order to allow for easy cleaving of the Fabry-Perot lasers. The carrier wafer is dehydrated using a bake at 150 ºC. Benzocyclobutene (DVS-BCB) is then spin coated on the carrier wafer. The thickness of the DVS-BCB layer can be adjusted by diluting the commercially available solutions with mesitylene. After spin coating, the carrier is baked at 150 ºC for 3 minutes to remove the mesitylene. The epitaxial die is then transferred onto the carrier wafer. The sample is then baked at 250 ºC for 1 hr to cure the DVS-BCB. The GaSb growth substrate is mechanical grinded down to approximately 50 µm thickness. Wet etching (CrO 3 :HF:H 2 O 1:1:3 v/v) is used to remove the rest of the substrate. Figure 2(a) shows the epitaxial film on the carrier after the substrate removal process. With this process, it is possible to achieve bonding thicknesses down to 50nm. A scanning electron microscope (SEM) image of the bonding interface is shown in figure 2(b O mixture. The n-cladding is then again removed using the HCl-based mixture. AuGe/Ni/Au(150/60/100nm) is deposited as n-contact using a thermal evaporator system. DVS-BCB (3022-46) is used to planarize and passivate the laser. Reactive ion etching (RIE) is used to etch the DVS-BCB for contact via opening. 50/500nm Ti/Au is then deposited for probing. Before cleaving the sample, the carrier is grinded down to approximately 200μm in order to accommodate the cleaving process such that good facet is obtained. Figure 3 presents a summary of the laser fabrication process. Figure 4 
MEASUREMENT RESULTS
The measurement set up consists of a Keithley 2400 for continuous wave (CW) current injection and a Lightwave LDP-3811 current source for pulsed measurements. A Yokogawa optical spectrum analyzer is used for spectral analysis. Light is collected using multimode fiber with a fiber diameter core of 50 µm. A thermo-electric cooler is used to control the temperature of the substrate. Laser characteristic has been measured and studied in 3 aspects: LIV curves and the associated optical spectra, the thermal characteristics and the specific contact resistance.
LIV characteristics and laser spectrum
The measurement of the LIV curves is conducted at room temperature without temperature controller. The LIV characteristic of a typical laser is presented in figure 5 (a). The laser mesa is 15 µm wide and 490 µm long. The threshold current is 31mA in pulsed regime and 49.7mA in CW regime corresponding to a current density of 422 and 676 A/cm 2 respectively. The maximum output power of this component is 58µW at 77mA. The series resistance is 14.3 Ohm. Laser spectra at different bias current are shown in figure 5(b). As we can see, the peak wavelength shifts towards longer wavelength with the increase of bias current due to self-heating. 
Figure 6: (a) Threshold current as a function of laser width (device length 690 µm) (b) Threshold current density as a function of inverse cavity length for a laser width of 25µm
Figure 6(a) shows the threshold current density as a function of laser mesa width (laser cavity length: 690μm). The increase of J th at narrow widths indicates the increase in loss due to surface recombination, current leakage and scattering of the laser mode at the etched sidewalls. The threshold current density is plotted as a function of the inverse cavity length in figure 6 (b) for pulsed operation. This results in a threshold current density of 223 A/cm 2 at infinite length. This result is relative high, which is probably due to non-optimum fabrication resulting in high loss.
Thermal characteristics
Figure 7(a) represents the LI characteristic as a function of temperature. By fitting the natural logarithm of J th as a function of temperature as shown in figure 7(b) , the T 0 parameter can be determined [14] . A T 0 of 44K is estimated. Alternatively, the thermal resistance R th can also be used to assess the thermal characteristics of the laser [15] . The thermal resistance is defined as in equation (1) 
where is the power consumption of the laser, ∆T is the temperature change of the active region and ∆λ is the associated change in laser emission wavelength. Figure 8(a) represents the linear interpolation of wavelength drift as a function of temperature, when the laser is operated in pulsed regime, such that self-heating can be avoided. Figure 8(b) represents the wavelength drift as a function of power consumption. By using equation (1), the thermal resistance is estimated to be 323K/W. This high thermal impedance, compared to traditional laser fabrication [16] is related to the relatively thick adhesive bonding layer (660nm) used in these devices to optically isolate the laser mode from the substrate. Given the low thermal conductivity of the adhesive bonding layer (0.3W/mK) a high thermal impedance can be expected. Therefore, thermal management improvement is required. This is possible to implement by adding a thermal gold shunt [17] or by increasing the thickness of the gold contact. 
Specific Contact Resistance
In order to improve current injection, assessment of the contact resistance is necessary. This is done using a transmission line model measurement technique [18] . The deposition of the P and N contact is performed immediately after the substrate removal and wet mesa etching process respectively. There is no surface treatment used. By plotting the resistance as a function of the distance between 100µm by 100µm contact pads, the specific contact resistance is determined. As shown in figure 9 , the specific contact resistances of the p-contact and n contact are 4.5x10 -4 Ohm.cm 2 and 20x10 -4 Ohm.cm 2 respectively. These specific contact resistances are rather high due to the lack of surface treatment before metal deposition. Improvement is possible by using HCl or buffer HF before contact deposition [19] . 
CONCLUSION
In conclusion, we report for the first time integrated thin film GaSb FP lasers on an InP carrier. The devices operate at room temperature with low threshold current. While there is room for improvement in device performance, these results bring us significantly closer to fully integrated spectrometers on chip.
